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(54) PROFILED PIPE 
(57) Abstract: 

FIELD: manufacture of pipes. SUBSTANCE: profile Is made In form of symmetric combination of three 
tear-shaped cavities formed from billet; two of them are In contact by outer surfaces of widened 
portions forming third cavity between them; inner surfaces of two tear-shaped cavities are formed 
by inner surface of round billet and their outer surfaces are formed by outer surface of round 
billet Inner surface of center cavity is formed by outer surface of round billet and outer surface 
of this cavity is formed by Inner surface of round billet EFFECT: enhanced reliability. 1 dwg: 
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(54) nPOGHJIfcHAH TPYEA 
057) Abstract: 

McnojnooeaHKe: b TpytfocTpoemcH. Cympocn> K3o6peT€HHn: npo^mtb BwnonneH b Bane CHMMCT P IWHoft 
KOMOHBazinx io rpex KanjieBHRHWX nanocrrea. o6pa3oeaHHWx io xpy6Hoft aaroroBKW. «bc kj Koropwx 
axnpHKacajorcH Meroy co6oft KapymHWMK noeepxHocrmai ynmpeflHbix nacreft c fop MHpoBa inttM mow 
Hum TpeT«» dojiocth, np* stcm BHyrpeHmte noBepxnocmi Aoyx K aiwe«<nm«: nanocrdl oopaooBaaw 
BHVTpeHHeft nosepxHOCTbio TpyfiHOft 3arxm>BKH. kx napyxmce noflepxHocnt oopaaoBaHW HapymnoR 
nooepxHOCTbio rpytSnoft 3artm>BK«. a BHyrpeHHK* noBepxRocrs cpenKeft ncuioc^ o6pa3oea«a Han^ofl 
iweepxHOcruo Tpytorft 3artrroBwt. HapymnaH noeepxnocTb rrroft nonocrti o6pa30Bana BHyrpcHHcB 
noBcpxHocTbJo Tpy6noH aaroTOBXH. 1 an. 
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Description (OowcaHxe e3o6pctcbkh): 

toofipemme othochto. . o6p.6or« McrannoB ******* * ~»~J f^^^T^E^ 
K3I JZ anaam rpy* c ♦« 00 hh U m npo+aneu. npHuewieuwx e m«ct« aaroTO** «n«tnpt«, 
HcnonbsyeMMxww BcecraaDBJieKHa repMennmocru eowaio^ ae+Taawx a ra30«« cxBuaaa. 

.pyrno. x^o^T^rroBxa ayrou fl^opwKpo™ (p«x«mea»a) « no.ep^o^^^P^™" 
B^Hy^aB^KomH ponHKOB B 3arxm,Ky h ax Komcecreo. momho «a <whoh onpaaxe 
^VpSmMHUw npoj-neu. «m> oco&aao Baxtao »u xpyti. Kcno^yev^ B xa^tcm* nn-rrupeft «n« 
pcuoHTa o6ca«Hboc Tpy6. 

H««rr.™ou xaKoft xpy6« Con*™ crenoo, Aofropuanaa b -ecrrax ■^^JT^SS 

bIoehoc^ paanapeiiHH nnacrwpa a ko/iohho a yBeraomaaw- cipariiBWoowe HanpwxeHHH a. xpoue 
•roro. (Sonunoe kojubmctbo xoHuarrpaxopoB lianpaaeaaa b uecrax icsrw6a TpyCu. 

T«aoweawH MHaaa. pemaeua* K3o6pcTeHaeu. aawnoaarrca b yiiieHbtiwDiiiHcnHaBinbiocTaTO'iiiQfl 
lexrawtcxaa ^ npo^ana r b caasacaaB apQAonMiMX fle^opM*iv^ i^iy^w* 



nocrunemtafl nnao pemaerea o» ckt koto, «n-o b npo^m^a Tpyfc.^-^^™™" 
Bunomnmi* c AaooHHWM cnoww npo<t*/iH. comacso H3o6peTtHax>. npo^wt sunonHea 
aoaarpanmll kw^f—t" " -rpac Eawpw nonocrttt. ofipasoeaKHbixp TpyCaoft jar-groan. «bc hj 
xoropMX ccxipaxacaarrca Meaw coficfl npyi^ noBepxaocTHua ynmpeaabix '^^♦^ H P^^' 
u«w ™« Tperadl nonocra, npa »rou BHyrpeHHxe noBopxHocr. «Byx 

o6pa3o Ba Hb l BHyrpcHHcfl noeepxnocruo Tpytooa aarwoeoi. hx HapyxHwe noBepmocra oOpaaow^ 
^^^oft^oocpxHOCiwo Tpy«H0ft aaroroBxa. a BHyrpeHHaa noBepxHOcn, Dtuiocx« o6pa30BaHa Hap^mofl 
n^Lxr^TWyfeofl aanrroBsa. Hapy*Haa no^pxHOCTb ^oS nonocra oOpaaoBaaa BHyrpeHHCH 
noaepxHocTuo rpy 6hoA 3aroTOBxa. 

B m>WiaraeMO« npo^bHoJl rpyfe Sonoma* aacr* noBepxHocra xpytSb. Hennerc* """^""^ 
oapSc™. — ™^««» ywcm-naer xoaaHccrBo aoaneKTprroB 

yjm™ P a3 A a^H npo^Kn* H nom^macr npo^oc^ ceaeaaa npH pa3 A aHC Tpy6n npo^cccc ro J"**™ 5 "™ 
B^r^nnac^^ BoccraHoaneaaa ~p M ™oc™ npa peMO«rre c^h^L ^ 

caamaioTCH ocxaiwHwe Hanjwoiceww k b csapBOM nw nocne pawra Tjyiu b Ta " •»»" 
^rToB^wrro, bTu,^ wc+opwau^. a ocram-.aH wacn, nq.Hucrpa (c^opuKpoBaKH,* 
KaroietHRHMe nanocra) HueeT nnaBowe nepoa>A" c uanoa apraB^HOH. 

nep!I w«T> BapymHOB noeepx^ npo^^ofl ^y6« ,«cK<m«o Com^ BHjrTT^HHero ^ca^ 
Tpy<5 w A7W o6ecoewcHHH CBOooflBoro cxryesa d atnajKHHy . 

wecroan «B03aa« aoppoaHH. flq^opHpooaHBue OTBepcTHH. iohoc h f*^*»*^J^^ 
ZZt^a npeHMjwcTB no cpaBHCHHK, c ^^n^ "rroAau»: HaroroBnea-e ^-^« 
ceapHoaTsa^^BKH nooBWinrr 3H.™™«. chh3h«, paexow- na ee npoHaaw^BO. 
^aWcnbHaa wn, neprnteTpa Tpy6« annnercH wn*> onacaHHofi oxpyxtHocra. aro yi«Htm»r 
^^K<^ea^aZ^«»^ nnouw, conp^oB*™* npa P^Wgg 
^pyCc* a aoaoaao*; yBcaa-ae^T aanp«««-a cp-^-HKa: TO ^^ r7 ^ a ^^ M "^^ 
^y6. c^opampoBaKBMX B 6yar«. noaBonarr coaparim, Bpcua peMoara. y- anrfDIrI ^™'^T^ " 
^a^^pTpcuoa™ noapaMReaaux yaacn.oB an.cr«paua ^^^J^^^ZZ 
cxiaxHHax Ha jjaaaawibaux rnytSaaax. dobmchti, H«Re*aocm, a RonrowaaocTt, oTpeuoKrapoBaKHoro 

yaacTML 

n P H ♦opwapoBaHHH 6ynTa H3 npeftnarac-ofl npo^bxofl Tpy6b« OHaw^rr^ ca»«^^an«^c 
n^a^aTa capy^aaae Tpy««. Tax xax yxaaRxa bhtxob npo A onbHO« Tpy<>« npoa 3B « W m S a Ha A« 
onopbt ymwpcHHbOc Macreft KanncBWRHbix nonocrcft. 

SLwrr c^nJaa ceacaaa. a npa paoMoxxc »e xprfye^a non.unBrrcn.HBCC onopaaaa a oeopynoeaHHH 
PfiFL npaBKM TpyfSw or cKpy*oo»HHH. 

npcAnaraewaa Tpy«a npa uaxcauaaBHOfl xounaxTHOCTH ceaeHHa a-eer "^"^ a ^=^ P ^|~ 
*o7m« ceaeHMa ♦aoo.n.on, npo*ana. A ucm mchuhc xpaaK^a ^opub. ccacHaa npo*«na. 
HopaexoRooaH pecypc nnacrHiHOCTH npa ^opwoBxc npo^ana a crane a npa P*wanc ero a cxBa«HHe, tom 
ueHtme BemraaHa ocraTOMBbix HanpRateHaa. 

Ha MepTO«e H^aKeaaa npo^anbaaa -rpy6a nonepeaaoe ccueHae. r«e 1 « 2 - aaiuieBHAHbie nonocrn. 3 
cBapKofl moo. ^ 
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npofrpihu a* Tpy6 a np<«cxwui«rr coooft oiuueTpwtmyio oTKocarrcnww BepnocanbHofl oca xoutixHaiDoo M3 
^T** nneo, W ,Ib,x ^xocTcft 1, pacnonoxcexxbtx no paaawe CTopoHbi ot BcpniKanhHofl ocx cxuMeTpxx 
npofxnn. x xaimeoHnnoa ixuioctx 2. pacnonoxcexxoft uexjxy nwiocrxux 1 no K^mocantKoft ocn 
o~uerp«H^EcixM npofxnuiax rpy<5a BtmcnHCHa jo csapuofl aaroToaxx, to npo4wn> *opuxpyx>T Taxxu 
oopaaow. tiro6w csapHox tnoe 3 6bui pacnonoxcH broju, Beprxxa/ibHoft och cnuuerpxx npofxnx. 

ncmocTH 1 uoryr wnpiaacaTfccx MCJW co6oft xapyxcHbiUH noecpxHocrnun yumpcHHbix Macro*, a nonocrb 
2 c^puxpoaaxa utxuy raoffl. BHyrpexmie nooepxHocrx nonocreft I oopasoaamj fnyrpeimeft noBepxHocrbio 
rpyoHOft aaroroaxx. a hx HapyxHwe noeepxHocTx xanmoTca tMcruo Hapyamott nooepxHocrx TpyOHoa 
oaroTOBKX. BHyipexHXH noecpxHocTB nonocrti 2 oopasoBaxa HapyxHoft noecpxHocrbio Tpy6Hoft saroroBKH 
a Hapyxmax noocpxHocTb arofl nanocxx BHyTpomdi noaepxHocrwo Tpytfxoft aaroroawf. 

npo^wibRyio TpytSy, xanpxuep. X3 nojiocoBo* aaroTOBKx nanytiaioT cjicpynuxpu oopasou. 

Ha *opuoBO<ixo-ci*apoHHou crane ceapinaaioT xpy6y apyrnoro cwaow, oaxeu b npo<])iumpooo<mou crane 
KpyrJiyi ° r0P«3o««wwbiMH aanxaux ocaxxBaioT no DcpnmajibBoft och A o noxyxeHXH 

npOMCwyroHHoro npo^wnn h (fropunpoBaHH* nanocrea I. a Dareu BcpTxxanhHbiUH aanxaux «c4>opMHpviar 
rpyoy «o nojiyueuHH Tperbeft nojiocTK 2 h 3ajjaHHoro cwchkh npoJxJiH. 

XapaKTtpHCTTO TexHanoriroecxxx napauerpoa topuoaxx upofruix ornentHwx yuacxKos ycTaxaanxaaiOT 
nexoax H3 Tpe6yeuott PeoueTpxa npc4»iH roTOBoro cexaaxx. 

nocne aanxopoBxx npo$KJibHoft Tpy6bi o KanxopoBOxnoft iuicth Tpy6a, xenomoycuax b xaxecTBe 
nnacrwpx ^ peuam o6caAHbcc xpy6, nocrynaer na ycraHOBxy Bauorxx xnx paspoaercfl Ha uepRbte 
n/ixHbt OT6npl2 MpeuoaTacxaajKHH. 



McnomooBaHxe npajwiraon Tpy6w aw ^puxpoBaxxx 6yHTOB n^ao/iaer nojiywn, KounaxTHbiH 6yirr c 
nnoTHon yxnaAKoft bxtxob, yijenxwrt, nnoTHocrb Hauonot. SKaHHroaBo cmasrrb npoflonbauc 
mopuMUfm npo^KnbHoft TpytSw npx yxnaAKe Ha oapaoan h o6ccne^m, y^oocroo e <>&»iyxcxBaHHH 
cssaJKHH Oojibmofl npoTOTeHHOcm. BbicoTa npc^ww H h HapyxHbix oimcaBHbrt nxauerp npoftxnx "B" 
wcKwnc BHyrpemttPo A*auerpa peuoBrxpyeuox oocanxoft rpy6bi Ha 27 35% trro rtSccncwBaer ca)(5onHbiH 
cnycx b cxeamHy k uocry noBpcxACHXH. 



npo^HTifcHyio Tpy^y nonyqaioT cjitffyymxfsu o6pa3ovi. 

Ha 4o]^OBOUHO-ceapo<iHOU craHC caapxBaiox Kpyrnyio Tpy6y fluaMerpou 89 uu c -romupmoA ctchkx 3,5 um 
X3 OccKOHctffloa ncarbi. 3aTcw xpyrjiyio rpy^y b npo^KnxpoBcraHOM crane iipaJwixpyioT b npc^HnbHyio c 
ccHcaxcaf. npwcTaancHHMM Ha tieprcxc Kpyrnyio Tpy6y b npo^HnxpoBo^iHOM craHc i^xaoHrajitHMMx 
nanxaux ocaxaBanr no BepmxanbHoft ocn A o ^opiixpoaamoi nxyx nonocrea 1, a ^ BeprxxajibabiMx 
Ba^awMBrop«3^^ ^octx 2. 

Ka ^ 1H( W^K»* kjic tx TpytJy Kanx6pyioT ao cooTHomcHXx pa3Mcpoa BxH, cooTBrixrrByKXggx 60.1 x 57,5 
^ nooic xarnrtSpoexH npx Bt»6jtt^px^^ 

npo^wntHaH Tpy6a pasacepaux 60,1 x 57,5 uu 6wna BcnonbsoBaHa njin pcuoxra HefrrflHKX araaxam. B 
cKBaxofHy c BHyrpexHHu nxauerpou o6caAHOft Tpy6bi 89 uu cbo&wbo onycxaicyr npc^xjiwiyio Tpy6y c 
pasucpaux a ceqcxxx 60.1 x 57,5 uu, npx stou 3a3op cocTaanHcr 28,9 uu. B npafrxnfaHoft rpy6c co^aioT 
AaamRxe Booffyxou n ocy^«rranxx)T pasBam^Bxy, nocne wo Tpy6a BbaipaanxcTCH k iuiotho npxncracr 
k oCcanHofl rpyoe. nocne pacampeHx* croma npo4>nnbHoft rpyobi (nnaerbipa) HaxonxTcn b excarou 
cocTo^Hx, a otScanxofl Tpyt5bi b pacTHHyrou. KoHTaxTHbre HanpraeHHH x xamwxe yiuiOTHXTenx 
oCecoewaioT repuexiixHocTb orpcuwrriipoBaHHoro yMacnca npx B03ncficTHHM aaa BHyrpeHHero, rax h 
HapymHoro flaaneHHM. 

Mcnoju^oBaHxe npo^xnbHoft Tpy6b* b ita^ecTBe aaroroBox luiacrwpex axx peuotrra oo^nxwx rpy6 
noooojwer bocct^hobxti> pa6oTOcnoco6HocTb cxBajKKH c HaHMeHwnxux 3arpaTaMH. 

M3o6peT«HHc pcxoucHROBaHo x xcnonbsoBaxxio Ha noBpewwcKHBix cxaaxuiHax raaosboc h xeArnHbix 
uccTopoxg^exxR. ^ 
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Claims (tDopuyna K3o6percHKHl: 

npo^fuibHan xpy6a. npcuMymocTBCHHO ceapHaa BbmanHamaH c <fracoHHWM otchkcu npofwiw. 
<muwaioma«CH tcm. uto npo^iuib BbcnojmcH b bhrc cHMwrrpiwHofl iwu&iHaqjat id Tpex KannceuRHbix 
nonocrcft, o6pa30BaHHwx 10 xpytfHOft 3anoroBKH, ^ae 10 Koropwx coopjocacarorc* u«Kfly co6ofl 
HapyxKbtMH noecpxHocTHMH yiimpeHHbix MacTcft c <>opMHpoBaimcw uexny mm TperbeA nanocTW. npw 
yrovi myTpemmc nouepxHOcni «oyx KanncaHHHboc nanocreH o6pa30B*aw BHyTpomcH noBepxHocrwo 
rpyfiHoft saroroocx. soc HapymHwe noBcpxHocnt o6pa30Banbi HapyxiioA noocpxHocrtJO Tpy6 H oft 3aroroaiai. 
a BHyrpcHHHH noocpxHocTb cpcAHcfl nonocTM 0<5pa3OBaHa Hapy*Hoft noBepxHOCTtio Tpy6H0ft aaroroBXH. 
Hapy whoh noecpxHocrb yroft nonocnt o6pa30Bana BHyrpcHHcft noeepxHOcroo Tpyfaott saroroaut. 
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Drawlng(s) [MepTeM|: 
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(54) SHAPED PIPE 



(57) Abstract: 

Field- Pipe production. Substance of invention: The shaped pipe is a symmetrical 
combination of three guttiform chambers formed from a pipe blank; the external surfaces 
of the broadened portions of two chambers are in contact forming the third chamber, the 
internal surfaces of the first two guttiform chambers are formed by the internal surface of 
the pipe blank, their external surfaces are formed by that of the pipe blank, the internal 
surface of the middle chamber is formed by the external surface of the pipe blank, and the 
external surface of the middle chamber is formed by the internal surface of the pipe 
blank. 1 dwg 
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Description: 

The present invention relates to the plastic metal working industry and can be applied for 
the production of shaped pipes which are used as blanks for patches employed for sealing 
off injured water, oil and gas wells. 

A longitudinally corrugated multipath pipe is known, which is used as a prototype and 
which is formed from a round pipe blank by deforming (stretching) its cross section. By 
changing the pressure exerted by the rollers on the blank, and the number of rollers it is 
possible to use the same mandrel for making pipes of various shapes, which is especially 
important when making pipes to be used as patches for repairing casing strings. 

The drawback of such a pipe is a considerable strain at the bending points, which limits 
the possibility of expanding the patch in the casing string and produces higher shear 
stresses, and the presence of a large number of stress concentrators at the pipe bending 
points. 

The object of the present invention is to reduce the residual strain by reducing the shape 
curvature and the longitudinal strains in the pipe. 

This object is achieved as follows. The shaped pipe, preferably welded, is made as a 
symmetrical combination of three guttiform chambers formed from a pipe blank; the 
external surfaces of the broadened portions of two chambers are in contact so that they 
form the third chamber, the internal surfaces of the first two chambers are formed by the 
internal surface of the pipe blank, their external surfaces are formed by that of the pipe 
blank, the internal surface of the middle chamber is formed by the external surface of the 
pipe blank, and the external surface of the middle chamber is formed by the internal 
surface of the pipe blank. 

A large area of the proposed shaped pipe surface is part of a circumscribed circle, which 
greatly reduces the number of stress concentrators over the pipe perimeter, decreases the 
expansion forces and increases the section strength so that the pipes used as patches in 
repairing leaky casing strings are not damaged as a result of their expansion. Besides, 
lower residual stresses are produced at the welded joint after expanding the pipe in the 
well owing to the fact that the welded joint is located in the low strain zone and the rest 
of the perimeter (the guttiform chambers) is characterized by smooth transitions having 
small curvatures. 

The perimeter of the external surface of the shaped pipe is made somewhat larger than 
the internal diameter of the casing string for the purpose of obtaining an interference fit, 
and the external circumscribed diameter is smaller than the internal diameter of the 
casing string to ensure an unobstructed lowering of the pipe into the well. 

The use of shaped pipes as patches which are installed in casing strings to eliminate 
defects (cracks, local penetration corrosion, perforations, wear, etc.) has a number of 
advantages over traditional methods: the production of a shaped pipe from a welded 
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blank makes it possible to greatly reduce the production expenses; due to the fact that a 
large part of the pipe perimeter is part of the circumscribed circle the number of 
concentrates is reduced, the area of contact between the straightened pipe and the casing 
string during expansion is increased and the shear stresses are reduced; the use of coiled 
shaped pipes makes it possible to decrease the repair time and reduce the consumption of 
materials and the repair costs when repairing damaged sections with the use of finite- 
length patches, to make repairs in wells at considerable depths and to increase the 
reliability and the service life of the repaired well section. 

When the proposed shaped pipe is coiled, the longitudinal strains and the pipe twisting 
are greatly reduced due to the fact that the longitudinal pipe coils are supported by the 
bearing surfaces of the broadened portions of the guttiform chambers. 

Besides, the proposed shaped pipe is sufficiently rigid, owing to which it does not lose its 
form while being coiled and no additional equipment and operations are needed to 
straighten the pipe while it is uncoiled. 

Having an exceptionally compact section, the proposed shaped pipe is characterized by 
very large radii of shaped section curvature. And the smaller shaped section curvature, 
the smaller plasticity reserve is consumed while shaping the pipe and while the pipe is 
expanded in a well and lower residual stresses are developed. 

The drawing shows a cross-section of the shaped pipe, where 1 and 2 are the guttiform 
chambers and 3 is the welded joint. 

The shaped pipe is a combination of two guttiform chambers 1 symmetrically located 
relative to the vertical axis of symmetry of the pipe and guttiform chamber 2 located 
between the chambers 1 along the vertical axis of symmetry. When the shaped pipe is 
made from a welded blank it is shaped so that the welded joint 3 is positioned along the 
above vertical axis of symmetry. 

The external surfaces of the broadened portions of the chambers 1 may be in contact with 
each other, and the chamber 2 is formed between them. The internal surfaces of the 
chambers 1 are formed by the internal surface of the pipe blank, and their external 
surfaces are parts of the external surface of the pipe blank. The internal surface of the 
chamber 2 is formed by the external surface of the pipe blank, and the external surface of 
this chamber is formed by the internal surface of the pipe blank. 

The shaped pipe is made, for instance, from skelp as follows. 

A round pipe is welded on a forming-and-weldingmill, whereupon the round pipe is 
vertically upset on a shaping mill by means of horizontal rolls so that it acquires an 
intermediate shape and the chambers 1 are formed, whereupon the pipe is deformed by 
vertical rolls so that the third chamber— chamber 2— is formed and the requisite shape 
section is obtained. 
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The shaping characteristics for specific sections are selected so as to obtain the desired 
geometry of the finished product. 

After the shaped pipe intended for use as a patch for repairing a casing string is sized on a 
sizing stand this pipe is transferred to a coiler or cut to 6 to 12 m lengths. 

Shaped pipe coiling makes it possible to obtain a compact, tightly wound coil, increase 
the coiling density, considerably reduce longitudinal strains developing when the shaped 
pipe is loaded on the drum and facilitate servicing of extensive wells. The shape height H 
and its external circumscribed diameter B are 27 to 35% smaller than the internal 
diameter of the casing string to be repaired, which ensures an unobstructed lowering of 
the pipe into the well to the damaged area. 

The shaped pipe is made as follows. 

A round section pipe 89 mm in diameter and 3.5 mm in wall thickness is welded on a 
forming-and-welding mill from endless band. Following this, the round pipe is loaded on 
a shaping mill and a shaped pipe having the section shown in the drawing is made. The 
round pipe is vertically upset on the shaping mill by means of horizontal rolls so that two 
chambers 1 are formed, whereupon the pipe is deformed by vertical rolls so that the third 
guttiform chamber — chamber 2 — is formed. The pipe is sized on a sizing stand to the B x 
H size, i. e., 60.1 x 57.5 mm. If necessary, the sized pipe is transferred to a coiler. 

For example, a shaped pipe 60.1 x 57.5 mm in size is used for repairing an oil well. The 
shaped pipe 60.1 x 57.5 mm in size is lowered into the well containing a casing string 89 
mm in diameter so that the clearance is equal to 28.9 mm. An air pressure is developed in 
the shaped pipe and it is expanded with the result that the pipe is straightened and tightly 
pressed against the casing string. After expanding the shaped pipe (patch), its walls are 
compressed and the casing string walls are stretched. The contact stresses and the use of a 
packer ensure that the repaired section is reliably sealed off when both the internal and 
external pressures are acting on its walls. 

The use of shaped pipes as blanks for patches intended for repairing casing strings makes 
it possible to restore the well serviceability at a minimum cost. 

The invention is recommended for use in damaged gas and oil wells. 
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Claims: 

The shaped pipe, preferably welded, and having a shape section, comprises a symmetrical 
combination of three guttiform chambers formed from a pipe blank; the external surfaces 
of the broadened portions of two chambers are in contact so that they form the third 
chamber, the internal surfaces of the first two guttiform chambers are formed by the 
internal surface of the pipe blank, their external surfaces are formed by that of the pipe 
blank, the internal surface of the middle chamber is formed by the external surface of the 
pipe blank, and the external surface of the middle chamber is formed by the internal 
surface of the pipe blank. 
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